Brillouin spectra of molten CsN03 were investigated for scattering angles between 40 and 140° and in a temperature interval of 420 -520 °C. An Ar+ singlemode laser was used for excitation and the total instrumental width was ~265 MHz. The measured frequency shifts and linewidths of the Brillouin components were used to determine velocities and attenuations of thermal sound waves in the frequency range 2.3 -7.0 GHz. A dispersion of 4 -5% was found between the present hyper sonic velocities and reported ultrasonic velocities. A considerable decrease in attenuation with frequency was observed in the investigated frequency range, with the value at high frequency ap proaching the classical attenuation. The results are in good agreement with Mountain's theory of a single relaxation time. The relaxation time of the bulk viscosity coefficient was calculated to 1.2 X10-10 s.
Introduction
The present study of molten CsN03 is a conti nuation of the experimental investigation of relaxa tion phenomena in molten nitrates1-3. Earlier measurements in molten CsN03 4 performed in this laboratory have revealed a different velocity in the hypersonic than in the ultrasonic region. The pur pose of this work was to investigate the frequency dependence of i the hypersonic velocity and ii the sound absorption.
From such a study conclusions can be drawn con cerning possible relaxation effects between the ultra sonic and hypersonic frequency regions.
Thermal sound waves have been examined in the hypersonic frequency region ( > 1 GHz) by using Brillouin scattering spectroscopy. In these measure ments the velocity and absorption have been deter mined from the shift and width of the Brillouin components and the results have been compared with corresponding ultrasonic data 5. The scattering angle, which determines the frequency of the in vestigated sound waves, was varied between 40° and 140°, giving a frequency range above the relaxa tion frequency. Hence the hypersonic velocity should be higher than the ultrasonic velocity as is actual ly observed. Furthermore, the temperature depen dence of the velocity and absorption was studied over the range 420 -520 °C. A simplified relaxa tion theory based on a single relaxation time6 ' 7 Reprint requests to Dr. H. E. Knape and L. M. Torell, Department of Physics, Chalmers University of Techno logy, Gibraltargatan 5B, S-402 20 Gothenburg 5, Sweden.
has been used in analyzing the hypersonic results. The experimental arrangement is essentially the same as that used earlier in this laboratory8. In evaluating the Brillouin spectrum the convolution technique described in Ref. 2 has been used.
Hypersonic Velocity Measurements
Brillouin spectra of molten CsN03 were recorded in a temperature range of 100 °C above the melting point. The scattering light was analyzed at four dif ferent scattering angles, 39.8°, 65.0°, 115.2°, and 140.5° corresponding to sonic frequencies ranging from 2.3 to 7.0 GHz. An interorder separation of 9.95 GHz was selected to suit all the frequency shifts which was possible by working with over lapping orders at 115° and 140°. The spectroscopic determination of the frequency shift / made it pos sible to calculate the hypersonic velocity v from Bragg's law: t ) = / ,l /( 2 n sin 0/2) .
Here X is the wavelength of the incident light, n is the refractive index of the scattering medium and 0 is the scattering angle. The observed hypersonic fre quency shifts and velocities at each temperature are tabulated in Table I . The refractive indices in this table are calculated from the data given by Karawacki et al. 9 . The velocities obtained at the different scattering angles did not differ within the experimental error ( < ± 1 % ), i.e. no frequency dependence of the velocity could be observed in this frequency region. Moreover, present results are in agreement with earlier hypersonic velocity data reported from this laboratory4. However, the hypersonic velocities were all higher than the corresponding ultrasonic ones, which can be seen in Table I . The measured dispersion between hypersonic and ultrasonic velo cities was 4 -5% in the temperature range 420 -520 °C. Since the obtained hypersonic velocity was frequency insensitive, the calculated velocity may be taken as the velocity at infinite frequency, v^6''. The temperature dependence of the velocity in different frequency regions can be summarized as follows: v is the velocity in ms_1 and T is the temperature in °C.
Absorption Measurements
The broadening of the Brillouin components, Avi>, due to damping of the thermal sound waves is related to the acoustic absorption coefficient, 3, ac cording to: AVb = clv/JI. Table II together with the cal culated Brillouin line broadening, ArB . The Ray leigh width is a measure of the spectroscopic resolu tion of the system. In these measurements the Ray leigh width varied between 254 and 282 MHz, and each tabulated value is an average of at least six different spectral orders at each frequency and tem perature.
The observed attenuation (a//2) at different fre quencies and temperatures are given in Table II and are graphically represented as solid curves in Figure 1 . The dashed curves show the classical and the ultrasonic attenuations. The classical expression present results are close to the classical limit in dicating that the measurements were performed above the relaxation frequency. When calculating the classical and ultrasonic attenuations, density and shear viscosity data were taken from Ref. 12 and values of the ultrasonic velocity are from Reference 5. The bulk viscosity coefficient at low frequencies, rjBo , was extrapolated from data given in Ref. 13 , where a linear relationship between rj^Jr]g and the cation volume for molten nitrates is reported.
The measured frequency dependence of the at tenuation made it possible to calculate the relaxation time by using Equation (5) . No temperature depen dence of the relaxation time was found and the re sults at different frequencies and at a temperature of 458 °C are tabulated in Table III together with the corresponding relaxation frequencies (1/2 t it ) . Moreover, the relaxation time could be calculated from the velocity measurements according to
since the obtained hypersonic velocity may be taken as the velocity at infinite frequency, v^ . The values of the relaxation time and relaxation frequency from the velocity measurements are also given in Table III. for the attenuation (aclass//2) due to the shear visco sity, 7]s , is 10 «class//2 = 8 ^2 W ( 3^3) .
Here Q is the density and v is the sonic velocity. The ultrasonic absorption is considerably larger than that predicted by Eq. (3) and this is accounted for by assuming the existence of a bulk viscosity term, rjb , in addition to the shear viscosity:
where v0 is the low frequency velocity. For single relaxation behaviour the equation for the excess attenuation, ( a^//2), valid at any fre quency is 11 a J f 2 = 2 ji2/(Qv0*)[riBJ ( l + 4 !Ji2f2T2)] . (5) r is the relaxation time of the bulk viscosity coef ficient.
From Fig. 1 it is obvious that the attenuation is very sensitive to frequency changes in the measured frequency range. In fact, the obtained attenuation is decreasing with increasing frequency in accor dance with Mountain's theory. Furthermore, the A typical relaxation curve, based on a single relaxation theory, is shown in Fig. 2 where the at tenuation (a//2) is plotted as a function of frequency (log /). The physical constants used in these cal culations are represented in Table IV . The solid curve is obtained from the absorption measure ments and the dashed curve from the hypersonic velocity data. The dotted line represents the classical limit of the attenuation at infinite frequency. From Fig. 2 it is clear that the experimentally de termined attenuations at the four different frequen cies at 458 °C were in agreement with the single relaxation curve. Also, Fig. 2 and Table III times from two independent measurements: 1) the sonic velocity and 2) the Brillouin line broadening measurements. The absorption data revealed a signi ficant frequency dependence of the attenuation and consequently the measurements were performed in a relaxation region. Then relaxation effects should also appear in the velocity data. However, no fre quency dependence of the velocity in the investigated frequency range was found. This is mainly due to the fact that the investigated frequency range cor responded to the end of the relaxation region and that the total velocity dispersion over the whole relaxation region was small (4 -5%).
Conclusions
The present hypersonic velocities, obtained by Brillouin scattering experiments in molten CsN03 , are all higher than corresponding ultrasonic velo cities in a temperature interval of 420 -520 °C. No frequency dependence of the velocity was found between 2.3 -7.0 GHz. These results yield a relaxa tion time of l . l x l 0 -10s corresponding to a re laxation frequency of 1.5 GHz. A significant fre quency dependence of the attenuation in the in vestigated frequency region was found. The relaxa tion time calculated from absorption data is 1.3 X 10~10s and the corresponding relaxation frequency is 1.3 GHz. The agreement between the independent ly calculated relaxation times demonstrates the ap plicability of Mountain's theory based on a single relaxation time. Finally, the present study has shown the importance of analyzing the proper shape of the spectral components when Brillouin line broadening is to be determined.
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